■ INTRODUCTION
Dihydrobenzo [b] oxepines are an important class of sevenmembered heterocyclic compound found as a key constituent in a variety of natural products and biologically active substances. 1−3 In particular, 2,5-dihydro-1-benzoxepines such as radulanin A (1) 4 and heliannuol B 5 were isolated from liverwort and sunflowers, respectively, while 2,3-dihydro-1-benzoxepines including pterulone (2) have been recovered from various fungi and shown to possess antibiotic activity ( Figure 1 ). 1, 3 As a result of their biological significance and interesting structures, various methods for the preparation of these compounds have been reported. 2,3-Dihydro-1-benzoxepines have been synthesized by metal catalyzed formation of the oxepine ring using suitably derived phenol ethers and alkynes 6, 7 and also via a Wittig homologation of 2-(chloromethyl)-2H-chromen-2-ol derivatives. 8 A variety of methods have also been reported for the preparation of 2,5-dihydro-1-benzoxepines. 9−13 These include a general approach involving the Claisen rearrangement of allyl phenyl ethers followed by O-allylation and a ring closing metathesis (RCM) reaction (Scheme 1a).
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This particular strategy has been utilized for the total synthesis of a number of 2,5-dihydro-1-benzoxepine-containing natural products. 2, 12, 13 Building on the general strategy of using sigmatropic rearrangements in combination with RCM reactions for the synthesis of medium-sized heterocycles (Scheme 1a) and our previous work on the development of one-pot multistep reactions, 14−16 we were interested in developing an approach for the synthesis of 5-amino-2,5-dihydro-1-benzoxepines (Scheme 1b). Previous one-pot methods developed by our group for the preparation of seven-membered ring systems have encountered issues during the metathesis step, such as the formation of dimeric products, 14a and the requirement of forcing conditions to form the seven-membered ring in good yields. 15a In this current study, we wished to investigate whether more rigid alkene derived allylic alcohols bearing an aromatic ring would prove to be more suitable substrates for such a process, yielding a library of 5-amino-2,5-dihydro-1-benzoxepines. Subsequent oxidation or chemoselective reduction of the alkene moiety of these targets would then allow access to functionalized 5-amino-2,3,4,5-tetrahydro-1-benzoxepines that are present in a wide range of pharmacologically active compounds (e.g., 3 and 4, Figure 1 ). 17−20 We now report an efficient synthesis of 5-amino-2,5-dihydrobenzoxepines from commercially available salicylaldehydes using a one-pot multibond-forming process for introduction of the amine functionality and consecutive formation of the oxepine ring. As well as demonstrating the general scope of this strategy, we also explore the synthetic utility of 5-amino-2,5-dihydro-1-benzoxepines for the preparation of 2,3,4,5-tetrahydro-1-benzoxepine targets.
■ RESULTS AND DISCUSSION
The study began with the development of a general approach for the synthesis of (E)-(2-allyloxy)cinnamyl alcohols from readily available salicylaldehydes (Scheme 2). O-Allylation of salicylaldehydes 5a−l under standard conditions gave 2-allyloxybenzaldehydes 6a−l, and these were subjected to a Horner−Wadsworth−Emmons (HWE) reaction with triethyl phosphonoacetate (TEPA) under mild Masamune−Roush conditions. 21 Reduction of the resulting (E)-α,β-unsaturated esters 7a−l with DIBAL-H completed the three-step synthesis of (E)-(2-allyloxy)cinnamyl alcohols 8a−l in high overall yields.
The one-pot multibond-forming process was then optimized for the synthesis of 5-amino-substituted 2,5-dihydro-1-benzoxepine 11a (Table 1) . (E)-(2-Allyloxy)cinnamyl alcohol 8a was converted to the corresponding allylic trichloroacetimidate using trichloroacetonitrile and a catalytic amount of DBU and then subjected to an Overman rearrangement under thermal conditions (entry 1). 22 Grubbs first-generation catalyst was initially investigated for the RCM step and required a catalyst loading of 30 mol % and a reaction time of 120 h for complete conversion. 23 This gave 2,5-dihydro-1-benzoxepine 11a in 15% yield over the three steps. On analysis of the process, it was found that the typical workup procedure of allylic trichloroacetimidate formation by filtration of the reaction mixture through a plug of silica gel, resulted in substantial decomposition of 9a. This is likely promoted by the presence of the electron-rich ortho-ether unit and the acidic nature of the silica gel. In subsequent studies of the one-pot process, this issue was overcome by simply performing the filtration using neutral alumina. Using this modification, the one-pot process was repeated, and 11a was isolated in a significantly improved 63% overall yield (entry 2). The use of a palladium(II)-catalyzed Overman rearrangement was next investigated, and while this transformation was conducted under mild conditions, 2,5-dihydro-1-benzoxepine 11a was isolated in only 26% yield (entry 3). The low yield is likely due to a number of factors such as a competing 1,3-rearrangement as well as coordination of the palladium(II)-catalyst with the allylic ether moiety preventing effective activation and rearrangement of the allylic trichloroacetimidate.
15a Finally, the use of a one-pot process involving a thermally mediated Overman rearrangement in combination with Grubbs second-generation catalyst was examined, and this resulted in a substantial improvement of reaction conditions for the RCM step (entry 4).
24 After 20 h, complete conversion could be achieved using a 5 mol % catalyst loading, resulting in the isolation of 2,5-dihydro-1-benzoxepine 11a in 68% yield from allylic alcohol 8a.
Using these optimized conditions, the scope of the one-pot process for the synthesis of a small library of 5-aminosubstituted 2,5-dihydro-1-benzoxepines was explored (Scheme 3). Overall, this approach was found to be general for a range of substituents and substitution patterns. For example, comparison of the same substituent at ortho-, meta-, or para-positions showed no significant difference in reactivity, giving the final products in comparable yields (11b/c/d and 11g/i). Substrates bearing strongly electron-deficient substituents did require Scheme 2. Synthesis of Allylic Alcohols 8a−l extended reaction times for the Overman rearrangement, however, these one-pot processes still produced the corresponding 2,5-dihydro-1-benzoxepines in high yields (11f−j). Only products 11k and 11l were isolated in modest yields, and this is likely due to the increased steric bulk associated with the aryl substituents. Derivatives of 5-amino-substituted 2,3,4,5-tetrahydro-1-benzoxepines bearing aryl groups at the 8-postion (e.g., 20, Scheme 4) have been shown to be potent inhibitors of acyl-CoA cholesterol O-acyl transferase (ACAT), the enzyme responsible for intracellular esterification of cholesterol. 19 Due to the significant biological activity of these compounds, the scope of our one-pot synthesis of 2,5-dihydro-1-benzoxepines was extended to investigate the rapid assembly of this type of oxepine skeleton (Scheme 4). Initially, Suzuki−Miyaura coupling of 4-fluorophenylboronic acid (12) and methyl 2-hydroxy-4-iodobenzoate (13) gave biaryl compound 14 in quantitative yield. Reduction of the ester with lithium aluminum hydride and selective allylation of the phenol gave benzyl alcohol 15. This was then subjected to a one-pot Swern oxidation and HWE reaction, which gave (E)-α,β-unsaturated ester 16 as the sole product in 84% yield over the two steps.
DIBAL-H reduction of the ester then completed the six-step synthesis of allylic alcohol 17. Formation of the corresponding allylic trichloroacetimidate and application of the one-pot Overman rearrangement and RCM process using the optimized conditions proceeded smoothly, giving 2,5-dihydro-1-benzoxepine 18 in 98% yield. The synthesis of 18 in 61% overall yield from commercially available benzoate 13 demonstrates the robust nature of the one-pot strategy for the synthesis of pharmacologically important 5-amino-substituted 2,5-dihydro-1-benzoxepine building blocks.
Having explored the scope of the one-pot process, the next stage of this research program investigated the synthetic utility of these compounds for the preparation of biologically active scaffolds. As 5-amino-substituted 2,3,4,5-tetrahydro-1-benzoxepines have wide ranging pharmacological activities, 17−20 chemoselective methods for their synthesis from 2,5-dihydro-1-benzoxepines were developed. A method that would allow preparation of the ACAT inhibitor core by reduction of the alkene moiety of 18 while retaining the trichloroacetamide as a protecting group was initially examined. Standard hydrogenation conditions (10% Pd/C in an atmosphere of H 2 ) gave 19 in 59% yield. However, several byproducts formed via reduction of the trichloromethyl group were also isolated. Instead, a more selective reaction for the preparation of 19 was achieved using diimide, which was generated in situ from ptoluenesulfonyl hydrazide and potassium acetate (Scheme 4). 25 This produced 2,3,4,5-tetrahydro-1-benzoxepine 19 more cleanly in 81% yield.
A synthesis of 8-chloro-5-guanidino-2,3,4,5-tetrahydro-1-benzoxepine (4), a known hypotensive agent was developed from 2,5-dihydro-1-benzoxepine 11i (Scheme 5). 20 In this case, introduction of the guanidine moiety required removal of the trichloroacetamide, and so no effort was made to maintain this group during reduction of the alkene. Hydrogenation of 11i under standard conditions resulted in reduction of both the alkene and the trichloromethyl group giving 21 as the sole product in 94% yield. Acid hydrolysis of the dichloromethylacetamide group required forcing conditions but did yield the corresponding amine cleanly. This was coupled with commercially available N,N′-bis(tert-butoxycarbonyl)-1H-pyrazole-1-carboxamidine (22) in the presence of Hunig's base, and this gave guanidine 23 in 75% yield over the two steps. 26, 27 Finally, removal of the Boc-protecting groups using TFA completed the 10-step synthesis of hypotensive agent 4 in 40% overall yield from commercially available 4-chloro-2-hydroxybenzaldehyde (5i).
A number of 5-amino-substituted 2,3,4,5-tetrahydro-1-benzoxepines bearing hydroxyl groups have displayed pharmacological activity (e.g., 3, Figure 1) . 17a,c,18 For this reason and the considerable interest in the medicinal chemistry applications of the vicinal amino diol motif, 28 the final stage of this research program explored the directed oxidation of 5-aminosubstituted 2,5-dihydro-1-benzoxepines for the preparation of syn-and anti-3,4-diol analogues. While directed dihydroxylation 29 and epoxidation 30 of a number of cyclic allylic trichloroacetamide systems has been described, we were interested in the outcome of these reactions using 5-aminosubstituted 2,5-dihydro-1-benzoxepines as novel substrates. Reaction of 6-methoxy-2,5-dihydro-1-benzoxepine 11b with osmium tetroxide and TMEDA under Donohoe conditions gave the corresponding (3R*,4S*,5S*)-diol 24 in 74% yield (Scheme 6). 29 Inspection of the 1 H NMR spectra of the crude material from this reaction showed only one diastereomer, with NOE experiments clearly demonstrated the syn-relationship of the vicinal amino diol motif. This result suggests that the trichloroacetamide unit of the oxepine ring systems is able to facilitate a highly effective, directed dihydroxylation with the complex formed from osmium tetroxide and TMEDA.
Directed epoxidation of 7-chloro-2,5-dihydro-1-benzoxepine 11g and subsequent acid mediated ring opening for the preparation of the anti-3,4-diol was next investigated and found to be less selective. Treatment of 11g with m-CPBA gave the corresponding epoxide in a 12:1 diastereoselectivity (Scheme 6). Again NOE experiments confirmed the all syn-diastereomer 25 as the major product, formed via a substrate-directed process that is in agreement with Henbest's rule. 30, 31 Without purification, regioselective hydrolysis of epoxide 25 under acidic conditions gave after purification, the (3S*,4S*,5S*)-diol 26 in good yield over the two steps. The difference in selectivity between the dihydroxylation and epoxidation processes is likely a direct reflection of the ability of the reagents of these reactions to undergo hydrogen-bonding substrate-directed reactions with the allylic trichloroacetamide oxepine unit. Seven-membered heterocyclic ring systems such as azepanes bearing an allylic trichloroacetamide moiety have demonstrated similar selectivity and overall yields for these oxidation processes.
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■ CONCLUSIONS
In summary, a general approach has been developed for the preparation of 2,5-dihydro-1-benzoxepines. A three-step synthesis of 2-allyloxycinnamyl alcohol derivatives from readily available 2-hydroxybenzaldehydes was followed by imidate formation and a one-pot Overman rearrangement and RCM process, allowing access to a diverse library of 5-amino-2,5-dihydro-1-benzoxepines in high overall yields. Further functionalization of these privileged structures was explored. Chemoselective reduction or substrate-directed oxidation of the alkene moiety generated a series of 5-amino-2,3,4,5-tetrahydro-1-benzoxepines, compounds which display a wide range of pharmacological activities. Work is currently underway to extend the application of this one-pot multibond-forming reaction process for the preparation of biologically relevant polycyclic classes of compounds.
■ EXPERIMENTAL SECTION
All reagents and starting materials were obtained from commercial sources and used as received. All dry solvents were purified using a solvent purification system. All reactions were performed under an atmosphere of argon unless otherwise mentioned. Brine refers to a saturated solution of sodium chloride. Flash column chromatography was performed using silica gel 60 (35−70 μm). Aluminum-backed plates precoated with silica gel 60F 254 were used for thin-layer chromatography and were visualized with a UV lamp or by staining with potassium permanganate.
1 H NMR spectra were recorded on a NMR spectrometer at either 400 or 500 MHz, and data are reported as follows: chemical shift in ppm relative to tetramethylsilane as the internal standard, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or overlap of nonequivalent resonances, integration). 13 C NMR spectra were recorded on a NMR spectrometer at either 101 or 126 MHz, and data are reported as follows: chemical shift in ppm relative to tetramethylsilane or the solvent as internal standard (CDCl 3 , δ 77.0 ppm or CD 3 OD, δ 44.0 ppm), multiplicity with respect to hydrogen (deduced from DEPT experiments, C, CH, CH 2 or CH 3 ). Infrared spectra were recorded on a FTIR spectrometer; wavenumbers are indicated in cm −1 . Mass spectra were recorded using electron impact, chemical ionization, or electrospray techniques. HRMS spectra were recorded using a dualfocusing magnetic analyzer mass spectrometer. Melting points are uncorrected.
2-Allyloxybenzaldehyde (6a). 32 Allyl bromide (0.98 mL, 1.3 mmol) was added to a stirred solution of 2-hydroxybenzaldehyde (5a) (0.10 mL, 0.94 mmol) and potassium carbonate (0.26 g, 1.9 mmol) in N,N′-dimethylformamide (10 mL) and warmed to 70°C for 2 h. The reaction was cooled to room temperature, diluted with 5% aqueous lithium chloride solution (20 mL), and extracted with diethyl ether (20 mL). The organic layer was washed with 5% aqueous lithium chloride solution (3 × 10 mL), brine (10 mL), dried (MgSO 4 ), filtered, and concentrated in vacuo. Purification by column chromatography (elution with 20% diethyl ether in petroleum ether) gave 2-allyloxybenzaldehyde (6a) (0.15 g, 99%) as a colorless oil. Spectroscopic data were in accordance with literature values. 32 2-Allyloxy-6-methoxybenzaldehyde (6b). 32 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-6-methoxybenzaldehyde (5b) (0.500 g, 3.29 mmol). This gave 2-allyloxy-6-methoxybenzaldehyde (6b) (0.559 g, 88%) as a yellow oil. Spectroscopic data were in accordance with literature values. 32 2-Allyloxy-5-methoxybenzaldehyde (6c). 33 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-5-methoxybenzaldehyde (5c) (0.41 mL, 3.30 mmol). This gave 2-allyloxy-5-methoxybenzaldehyde (6c) (0.60 g, 96%) as a yellow oil. Spectroscopic data were in accordance with literature values. 2-Allyloxy-4-methoxybenzaldehyde (6d). 33 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-4-methoxybenzaldehyde (5d) (0.500 g, 3.29 mmol). This gave 2-allyloxy-4-methoxybenzaldehyde (6d) (0.583 g, 92%) as a colorless oil. Spectroscopic data were in accordance with literature values. (7), 174 (7), 159 (3). 2-Allyloxy-5-methylbenzaldehyde (6e). 33 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-5-methylbenzaldehyde (5e) (0.136 g, 1.00 mmol). This gave 2-allyloxy-5-methylbenzaldehyde (6e) (0.173 g, 98%) as a colorless oil. Spectroscopic data were in accordance with literature values. 2-Allyloxy-5-nitrobenzaldehyde (6f). 34 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-5-nitrobenzaldehyde (5f) (0.050 g, 0.32 mmol). This gave 2-allyloxy-5-nitrobenzaldehyde (6f) (0.061 g, 98%) as a white solid. Mp 62−64°C (lit. 2-Allyloxy-5-chlorobenzaldehyde (6g). 35 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-5-chlorobenzaldehyde (5g) (0.500 g, 3.18 mmol). This gave 2-allyloxy-5-chlorobenzaldehyde (6g) 35 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-5-bromobenzaldehyde (5h) (0.500 g, 2.49 mmol). This gave 2-allyloxy-5-bromobenzaldehyde (6h) (0.591 g, 99%) as a white solid. Mp 35−37°C; Spectroscopic data were in accordance with literature values. 35 2-Allyloxy-4-chlorobenzaldehyde (6i). The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 4-chloro-2-hydroxybenzaldehyde (5i) (0.936 g, 6.00 mmol). This gave 2-allyloxy-4-chlorobenzaldehyde (6i) (1.17 g, 100%) as a white solid. The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 4,5-difluoro-2-hydroxybenzaldehyde (5j) (0.079 g, 0.500 mmol). This gave 2-allyloxy-4,5-difluorobenzaldehyde (6j) (0.099 g, 100%) as a white solid. Mp 2-Allyloxy-3-methoxy-5-nitrobenzaldehyde (6k). The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-3-methoxy-5-nitrobenzaldehyde (5k) (0.197 g, 1.00 mmol). This gave 2-allyloxy-3-methoxy-5-nitrobenzaldehyde (6k) (0.209 g, 88%) as a white solid. 32 The reaction was carried out as described for the synthesis of 2-allyloxybenzaldehyde (6a) using 2-hydroxy-1-naphthaldehyde (5l) (0.172 g, 1.00 mmol). This gave 2-allyloxy-1-naphthaldehyde (6l) (0.208 g, 98%) as a white solid. Mp 72−74°C (lit. 32 Ethyl (2E)-3-(2′-Allyloxyphenyl)prop-2-enoate (7a). 36 Lithium bromide (0.47 g, 5.4 mmol) was added to a solution of triethyl phosphonoacetate (0.91 mL, 4.6 mmol) and 1,8-diazabicyclo [5.4 .0]-undec-7-ene (0.68 mL, 4.6 mmol) in acetonitrile (20 mL) and stirred at room temperature for 0.5 h. 2-Allyloxybenzaldehyde (6a) (0.22 g, 1.4 mmol) was added, and the solution was stirred at room temperature for 18 h. The reaction was quenched by the addition of a saturated solution of ammonium chloride (30 mL), concentrated to half volume in vacuo, and extracted with diethyl ether (3 × 30 mL). The combined organic layers were washed with water (100 mL), brine (100 mL), dried (MgSO 4 ), filtered, and concentrated in vacuo. Purification by column chromatography (elution with 20% diethyl ether in petroleum ether) gave ethyl (2E)-3-(2′-allyloxyphenyl)prop-2-enoate (7a) (0.30 g, 95%) as a yellow oil. Spectroscopic data were in accordance with literature values. 36 Ethyl (2E)-3-(2′-Allyloxy-6′-methoxyphenyl)prop-2-enoate (7b). The reaction was carried out as described for the synthesis of ethyl (2E)-3-(2′-allyloxyphenyl)prop-2-enoate (7a) using 2-allyloxy-6-methoxybenzaldehyde (6b) (0.531 g, 2.76 mmol). This gave ethyl (2E)-3-(2′-allyloxy-6′-methoxyphenyl)prop-2-enoate (7b) (0.594 g, 85%) as a yellow oil. IR (neat) 2979, 1701, 1622, 1593, 1473, 1308, 1254, 1160, 1093 cm The Journal of Organic Chemistry Ethyl (2E)-3-(2′-Allyloxynaphthalen-1′-yl)prop-2-enoate (7l). The reaction was carried out as described for the synthesis of ethyl (2E)-3-(2′-allyloxyphenyl)prop-2-enoate (7a) using 2-allyloxy-1-naphthaldehyde (6l) (0.620 g, 2.94 mmol). This gave ethyl (2E)- 36 Diisobutylaluminum hydride (3.21 mL, 1 M solution in hexanes) was added dropwise with stirring to a solution of ethyl (2E)-3-(2′-vinylphenyl)-prop-2-enoate (7a) (0.298 g, 1.28 mmol) in diethyl ether (30 mL) at −78°C. The solution was stirred at −78°C for 3 h, then allowed to return to room temperature over 15 h. The reaction was quenched with 10% aqueous potassium sodium tartrate solution (30 mL), extracted with diethyl ether (2 × 20 mL), washed with water (100 mL), brine (100 mL), dried (MgSO 4 ), filtered, and concentrated in vacuo. Purification by column chromatography (elution with 30% diethyl ether in petroleum ether) gave (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) (0.211 g, 87%) as a white solid. Mp 44−46°C; spectroscopic data were in accordance with literature values. 36 (2E)-3-(2′-Allyloxy-6′-methoxyphenyl)prop-2-en-1-ol (8b). The reaction was carried out as described for the synthesis of (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) using ethyl (2E)-3-(2′-allyloxy-6′-methoxyphenyl)prop-2-enoate (7b) (0.569 g, 2.17 mmol). This gave (2E)-3-(2′-allyloxy-6′-methoxyphenyl)prop-2-en-1-ol (8b) (0.427 g, 90%) as a colorless oil. IR (neat) 3372, 2953, 1584, 1470, 1251, 1200, 1112, 1079 cm (2E)-3-(2′-Allyloxy-4′-methoxyphenyl)prop-2-en-1-ol (8d). The reaction was carried out as described for the synthesis of (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) using ethyl (2E)-3-(2′-allyloxy-4′-methoxyphenyl)prop-2-enoate (7d) (0.676 g, 2.58 mmol). This gave (2E) (2E)-3-(2′-Allyloxy-5′-bromophenyl)prop-2-en-1-ol (8h). The reaction was carried out as described for the synthesis of (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) using ethyl (2E)-3-(2′-allyloxy-5′-bromophenyl)prop-2-enoate (7h) (0.075 g, 0.24 mmol). This gave (2E)-3-(2′-allyloxy-5′-bromophenyl)prop-2-en-1-ol (8h) (0.058 g, 90%) as a white solid. (2E)-3-(2′-Allyloxy-4′,5′-difluorophenyl)prop-2-en-1-ol (8j). The reaction was carried out as described for the synthesis of (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) using ethyl (2E)-3-(2′-allyloxy-4′,5′-difluoro-phenyl)prop-2-enoate (7j) (0.090 g, 0.340 mmol). This gave (2E)-3-(2′-allyloxy-4′,5′-difluorophenyl)prop-2-en-1-ol (8j) (0.071 g, 94%) as a yellow oil. IR (neat) 3341, 2867, 1610, 1507, 1422, 1192, 991, 969 cm (2E)-3-(2′-Allyloxy-3′-methoxy-5′-nitrophenyl)prop-2-en-1-ol (8k). The reaction was carried out as described for the synthesis of (2E)-3-(2′-allyloxyphenyl)prop-2-en-1-ol (8a) using ethyl (2E)-3-(2′-allyloxy-3′-methoxy-5′-nitrophenyl)prop-2-enoate (7k) (0.798 g, 2.59 mmol). This gave (2E)-3-(2′-allyloxy-3′-methoxy-5′-nitrophenyl)-prop-2-en-1-ol (8k) (0.604 g, 88%) as a white solid. , and the reaction was allowed to return to room temperature over 1 h. The reaction mixture was filtered through a short pad of alumina (neutral, Brockman V) with diethyl ether (150 mL) and concentrated in vacuo to yield the crude allylic trichloroacetimidate 9a as a yellow oil which was used without further purification. Allylic trichloroacetimidate 9a was transferred to a dry Schlenk tube containing a stirrer bar and potassium carbonate (15 mg, 3 mg/mL) to which p-xylene (5 mL) was then added. The tube was purged with argon, sealed, and heated to 140°C for 18 h. The reaction was allowed to cool to room temperature, and Grubbs second-generation catalyst (0.110 g, 0.013 mmol) was added. The reaction mixture was heated to 50°C for 20 h. (3R*,4S*,5S*)-3,4-Dihydroxy-6-methoxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,3,4,5-tetrahydro-1-benzoxepine (24). Tetramethylethylenediamine (0.019 mL, 0.13 mmol) was added to a solution of 6-methoxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,5-dihydro-1-benzoxepine (11b) (0.039 g, 0.12 mmol) in dichloromethane (2 mL) and cooled to −78°C. After 0.2 h, a solution of osmium tetroxide (0.032 g, 0.13 mmol) in dichloromethane (1 mL) was added dropwise. The solution was stirred at −78°C for 1 h, allowed to return to room temperature over 2 h, then concentrated in vacuo. The residue was taken up in a solution of methanol (4 mL) and 12 M hydrochloric acid (0.5 mL) and stirred at room temperature for 2 h. The reaction mixture was concentrated in vacuo. The resulting residue was purified by column chromatography (elution with 50% ethyl acetate in petroleum ether) to yield (3R*,4S*,5S*)-3,4-dihydroxy-6-methoxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,3,4,5-tetrahydro-1-benzoxepine (24) (0.032 g, 74%) as a colorless oil. IR (neat) 3464, 3417, 2928, 1711, 1505, 1473, 1249, 1086, 820 cm 3-Chloroperbenzoic acid (0.10 g, 0.59 mmol) was added to a stirred solution of 7-chloro-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,5-dihydro-1-benzoxepine (11g) (0.050 g, 0.15 mmol) in dichloromethane (3 mL) at 0°C. The reaction mixture was stirred and allowed to warm from 0°C to room temperature over 18 h, then cooled to 0°C before 3-chloroperbenzoic acid (0.10 g, 0.59 mmol) was added. The reaction mixture was stirred for a further 24 h, quenched by the addition of a saturated solution of sodium sulfite (5 mL), and extracted with dichloromethane (2 × 5 mL). The combined organic layers were washed with a saturated solution of sodium hydrogen carbonate (3 × 10 mL), water (10 mL), and brine (10 mL), then dried (MgSO 4 ), filtered, and concentrated in vacuo. This gave a crude mixture containing (3R*,4S*,5S*)-7-chloro-3,4-epoxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,3,4,5-tetrahydro-1-benzoxepine (25) which was used in the next step without further purification. 1.0 M Sulfuric acid (2 mL) was added to a solution of the crude mixture containing (3R*,4S*,5S*)-7-chloro-3,4-epoxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,3,4,5-tetrahydro-1-benzoxepine (25) in 1,4-dioxane (2 mL) and stirred at room temperature for 48 h. The reaction was quenched by addition of a saturated solution of sodium hydrogen carbonate (3 mL) and extracted with diethyl ether (2 × 10 mL). The organic layer was washed with water (10 mL), brine (10 mL), then dried (MgSO 4 ), filtered, and concentrated in vacuo. Purification by column chromatography (elution with 50% ethyl acetate in petroleum ether) gave (3S*,4S*,5S*)-7-chloro-3,4-dihydroxy-5-(2′,2′,2′-trichloromethylcarbonylamino)-2,3,4,5-tetrahydro-1-benzoxepine (26) ■ REFERENCES
